INTRODUCTION
This investigation was undertaken in order to obtain a more exact knowledge of the surface tension of undiluted blood serum, and its variation under various clinical conditions, than is given by the work reported earlier by others (1-12). It was found that practically all previous investigators have made errors in the experimental procedure or in the calculation of their results, usually in both, of such a high magnitude as to make their data almost entirely worthless. Thus a new field is opened up for future investigation.
The mean value obtained for the surface tension of undiluted normal blood serum is 52 dynes per centimeter at 200 and 48 dynes at 370C. The result at the higher temperature agrees moderately well with the mean value found by Morgan and Woodward (7) , but it is known that the method by which their results were calculated gives values which are too low. The average of all of their values at 370 is 45.5 while the average of all of our results is 46.2. However, their work represents a great forward step, as it is of a much higher degree of accuracy than that of any of the other earlier investigators. Almost all of the values obtained by others are of an altogether different order of magnitude, since they are from 10 to 20 dynes too high.
The worthlessness of much of the work is due to an altogether incorrect assumption, which is that if only relative values are desired no attention needs to be paid to the theory of the method used. Thus the method in which the number of drops given by a certain volume of the liquid with a certain tip (drop number method) is supposed to be inversely proportional to the surface tension, is practically useless, as is the ring method as commonly used. The determination of the capillary height is the most accurate of all known methods for the determination of the surface tension of pure liquids which are not too viscous. When used with blood serum, and with most other biological liquids, it has, however, the disadvantage that the film at the surface often prevents the attainment of capillary-hydrostatic equilibrium and it may affect the angle of contact. The bubble pressure method suffers from the disadvitage that as usually applied the experimental procedure does not agree with the conditions set up by the theory of the method. A much greater disadvantage is that it is difficult or almost impossible to hold the bubble at its maximum pressure for the considerable time necessary to establish equilibrium between the interior of the serum and its surface.
A careful consideration of all of the available methods seemed to indicate that the best results for such liquids may be obtained by the special modification of the drop weight method described later in the paper. The drop weight method avoids difficulties which relate to the angle of contact and the measurements are muz.h less affected by the surface viscosity than when the capillary height method is used.
THE DROP WEIGHT APPARATUS FOR THE DETERMINATION OF SURFACE TENSION OF BLOOD SERUM AND OTHER BIOLOGICAL LIQUIS
The apparatus used for the determination of the surface tension of blood serum is a modified form of the drop weight apparatus of Harkins and Brown (13) , which resembles in general design that of Morgan (14) .
The apparatus ( fig. 1 ) consists essentially of an inverted capillary U-tube, suspended in a metal box (B), which is provided with glass windows in front of and back of the tip from which the drop of serum is suspended. One limb of this inverted U-tube dips into a reservoir (S) of the serum. The other limb ends in the tip which is held by a stopper of glass or metal in the weighing bottle (V), in which the drops are collected as they fall.
Each drop is pulled over, until it attains the maximum size consistent with stability, by the action of suction applied through the metal tube (A), and the drop is held at this maximum extension for seven minutes before it is allowed to fall. which is raised and lowered by a rachet and pinion. For this purpose a microscope stand with a coarse and fine adjustment is ideal.
The "full extension of the drop" can be determined only by trial. The telescope of a cathetometer is levelled and the height of the telescope is so adjusted that the horizontal cross hair and the bottom of the 'drop at full extension appear coincident. The level of the serum in (S) is so adjusted that the bottom of the drop will remain at this level for the desired period (of seven minutes). Several trials are necessary, even with the experienced worker. A common error is to consider that the level of full extension lies higher than is actually the case. To avoid this the level of the cross hair is lowered slightly, 266 and an endeavor is made to adjust the level of the bottle (S) in such a way that the drop will not fall. If this is possible, the preceding level was too high.
An error in the opposite direction is apt to arise due to the decrease of the surface tension as the surface-active substance diffuses into the surface from the body of the liquid. The length of the (Irop at "full extension" for the higher surface tension is greater than that for the lowest, or equilibrium tension. This makes it necessary, if a seven minute perio(l is to be allowed, to (letermine the full extension at the end of this period. The lowering of the surface tension of serum on standing for several days to have the blood come quite to the end of the tube in this case, as it is difficult to seal glass covered with blood. 3 . The interval between the procuring of the blood and the observations. The interval between the procuring of the blood and the determination has been observed to be of the greatest import. In general, other things being equal, several types of variation with time occur. These will be discussed in order:
a. If 4. Cleaning the apparatus. The apparatus is cleaned by sucking water through it immediately after the completion of the day's work. The serum should not be allowed to dry on the apparatus, nor should it be cleaned with alcohol, ether, or cleaning mixture as these reagents precipitate the proteins in the serum and clog the capillary.
5. Determinations of density and refractive index. The density was determined by the Hammerschlag method (15) , and the refractive index was determined by the use of a Bausch and Lomb Abbe Refractometer.
6. The aeration of the serum. Alveolar air is blown through a long coiled tube immersed in the thermostat and into the serum through the tube mentioned above. This tube is first carefully flushed out with alveolar air from the experimenter's lungs before immersing the lower end of the short tube in the serum. When the tube is well flushed out, the distal end is dipped into the serum and alveolar air bubbled through for some time. This is done to secure equilibrium between the serum and a gas of constant composition approaching as nearly as possible that in the lungs. Saturation with alveolar air causes varying effects depending on the previous condition of the serum. In general the surface tension is lowered as is seen in table 5.   272 TABLE 4 The surface tension of blood serum kept at 5°C. for several days (9) on serum indicates that the surface tension is higher in women than in men. Until these results are confirmed or disproved, it would be best to allow a margin of error in comparing the serum surface tension of men and women.
The results in relation to the pathology of the different patients are shown in table 7. In most cases the corresponding density and 274 refractive index are given. It is apparent that no two sets of these results run perfectly parallel. The surface tension is observed to be TABLE 7 The surface tension of blood serum as related to the pathology of the patients from whom the blood was obtained Temperature = 20°C. 1. The calculation of the surface tension. The most common error in the use of the ring method is that made in the calculation of the surface tension. The surface tension is calculated from the pull exerted by the surface of the liquid on a circular ring (of radius R) of circular wire (of radius r). What is usually determined is the maximum pull (W) on the ring as determined by a torsion balance, or better by the proper type of analytical or assay balance. This pull is obtained by allowing the horizontal ring to come into contact with the surface and then lowering the liquid or raising the balance until the film of liquid upheld by the ring is ruptured. It is customary to consider the maximum pull (P) per centimeter of surface attached to the wire to be defined by the equation
It is obvious that the surface tension (y) is given by the identity e = Pp yor y = PF (2) In order that equation (2) (17) . The values of this fraction as now known seem to be accurate to within 0.3 per cent, which gives considerable accuracy to the ring method, though it is still less accurate than the drop weight method under the best conditions (error 0.1 per cent).
The values of the correction factor F of the equation Wg 4y = * F 4 -rR (3) are given in table 8. These correction factors are valid only if the ratio of the radius of the ring (R) to that of the wire (r) is 40, which is the ratio most commonly used. The value of the correction factor (F) varies also with the value of the ratio R as shown by figure 3. Table 8 gives the correction factors   278 which correspond with the fourth curve from the top. Any number of rings whose correction factors lie on this single curve may be used: the only condition is that the radius of the ring shall be 40 times the radius of the wire, and that the ring shall be circular, plane, and, when suspended, perfectly horizontal.
2. Area of the surface. The area of the surface of the liquid from which the ring is pulled should be large enough to meet the following condition: just before the detachment of the ring there must be an annular ring of surface, completely around the ring of wire, in which the liquid surface is plane. The larger the ring of wire, the larger the total surface should be. The form of surface which is most economical of liquid is that of a circle, and for small rings this should be about 7 cm. in diameter.
3. Surface tension and time. What is commonly designated as the surface tension of a liquid is the equilibrium value. It has been seen (page 267) that the time necessary to obtain equilibrium with undiluted blood serum is about seven minutes. With diluted serum this time may be more than an hour.
The surface tension of blood serum cannot be obtained by allowing the serum to stand in a vessel for the time given above (seven minutes for undiluted serum) and then pulling the ring from the surface. The correct procedure is as follows: blood serum is placed in the vessel and as quickly as possible the ring is placed in contact with its surface and at once the ring is lifted to just that distance above the serum, which at the end of the correct interval to give complete adsorption (seven minutes for undiluted serum), corresponds with the beginning of instability. In other words the surface must be fully extended initially and allowed to break without further extension at the end of the proper period.
In order that this may be done preliminary trials should be made to determine the proper extension, or different extensions may be. applied and the pull (W) plotted against the time (t) of the rupture.
4. Adjustmeni of the ring. It has been shown by Harkins and Jordan (17) that it is essential to adjust the ring in such a way that when it hangs from the balance its plane shall be horizontal. This has been done by obtaining the image of the ring in a plane horizontal mirror of gold or silver placed just below it.
